INTRODUCTION
For the purpose of comparing the reactivity of fused silicatand silicate glasses with HF acid solution and with H 2 gas 1 ' 2 , an investiga-~ tion was carried out on the HF acid reaction. It was found that the reaction is transport controlled. This aspect was not discussed in previously published papers ( 3 , 4 ,S) on the mechanisms of this reaction, and some explanations were questionable. It is the purpose of this paper to present some reaction results and an interpretation of the reaction mechanism between silica glass and several silicate glasses with HF acid solution.
EXPERIMENTAL PROCEDURE

*
Six silicate glasses were used in this study whose compositions are listed in Table 1 . The silicate glasses were core drilled into 9 mm cylinders and cut into 2 mm-thick discs. The silica glass, received as a 9 mm diameter rod, was cut into 2 mm-thick discs. All of the discs were pre-etched with HF acid solution to remove surface irregularities and microcracks introduced in the cutting process. They were then stored in a desiccator.
Commercial grade HF acid solution was used. It was diluted with distilled water to the concentration needed. The reaction time was also limited (usually <l hr.) so that the size reduction of the glass sample could be neglected, and the HF acid concentration remained practically unchanged.
RESULTS AND DISCUSSION (A) Reaction with Silica Glass
The as-cut glass specimens showed a higher initial reaction rate as a result ~f a larger surface area due to the presence of microcracks generated during the cutting process; the pre-etching step removed the microcracks. The etched specimens had similar surface morphologies which were invariant with reaction time, as shown in Fig. l . The depth of the cusps was estimated by taking two photographs at different tilt angles and using a stereoscope. In Fig. 1 , the depth of the cusps was 10 "' 20 ].ll11 and the diameter, 50 rv 100 ~m. The true surface area of the etched glass samples calculated from these photos is only 4% higher than the projected flat surface area. Furthermore, because of the invariance of the surface morphology, the total surface area remains.fairly constant. This feature makes the gravimetric study of the reaction rate attractive.
Experimental results revealed that the reaction rate varied with -4 -agitation. Without agitation the reaction rate at the bottom of the container was lower due to precipitation of a silica gel formed during the reaction. A platinum wire hanger was used to raise the specimens above the bottom of the acid container. Also, a shaker was used to provide G agitation to remove the reaction product from the surface of the sample.
The reaction rate increased monotonically with the oscillation ~peed without leveling off at the maximum speed of the shaker {200 cycles/min.). This result and the surface morphology of the reacted silica glass specimens suggest that this reaction is transport controlled. In order to compare corrosion resistance among different glasses as well as under different conditions {temperature, acid concentration) a fixed agitation rate of 120 cycles/min. was arbitrarily chosen. All of the following data were recorded at this oscillation rate.
The effect of concentration of HF acid solution on the reaction rate of silica glass is shown in Fig. 2 . At low HF acid concentrations the reaction rate was found to be proportional to concentration. In the more concentrated solutions, after a transition range, the reaction rate was greatly enhanced and also appeared to be linear. This increase in the reaction rate at higher concentrations is explained on the basis of the formation of considerably more active bifluoride ions {HF 2 -){ 2 , 3 , 4 ).
However, the temperature dependence of the reaction rate {Fig. 3) remained the same at all concentration levels of 3 to 24 M with an activation energy u of 5.3 kcal/mole. This value of activation energy is low for a chemical reaction which therefore also suggests a transport controlled mechanism.
The unique activation energy combined with the accelerated corrosion rate in the more concentrated solutions can be explained by the more active 
-6 -The fluoride and bifluoride concentrations play·a dominating role in determining final product concentration at the interface.
(B) Reaction of Silicate Glasses
For comparison, all of the reaction rates for the silicate glasses (Table 1) were determined using a 6M HF acid solution at a fixed oscillation rate of 120 cycles/min. After etching, the same surface morphology as that of silica glass was observed for all these silicate glasses. The
x-ray diffraction analysis showed no crystallinity and SEM did not show up any phase separation.
Experimental data indicated that the addition of either Al 2 o 3 or
CaD to the silica glass increased the reaction rate. With the addition of Al 2 o 3 alone (K and L glasses) the glasses have only slightly higher reaction rates (Fig. 4) . It has been reported( 6 ) that aluminosilicate glasses show phase separation of mullite on heat treatment above 1000°C; but these crystals are so small that the specimens are still transparent or slightly translucent, being detected only by transmission electron microscopy.
From a thermodynamic viewpoint this behavior means that the glasses are highly metastable and have a high internal energy. It would then be expected that they would have less resistance to corrosion. This situation is consistent·with the reported corrosion resistance(?): mullite >>silica glass > aluminosilicate glass.
The addition of only 2 wt% CaO incrEased the reaction rate considerably as seen by comparing glass K with N, and L with 0 (Fig. 4) . The reaction rate also increased by increasing the Al 2 0 3 /Si0 2 ratio with CaO constant at 2 wt% (glasses N, 0 and P). Another relationship in ... 
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